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Recovery of images from the
AMOS ELSI Data for STS-33

1. INTRODUCTION

During the STS-33 space-shuttle mission in late November 1989, a number of instruments of the
Air Force Maui Optical Station (AMOS) were vied to obsenve five overflights of the shuttle to study
the interaction of spaceeraft contaminany with the residual amosphere. “Thede mangues.ments were
part of a secondiry shutile experiment ealled the AMOS Calibration Tests.

One of the instruments used was the Enhanced Longwave Spectral Imager (ELSI), which is an
infrarcd-sensitive array detector Jocated at o foeal plane on the sikle mount of the 1.6-mcter teleseope.
Data from this instrument are recorded on tape in both video and digital formats, The ELST wag used
on three passes, orbits 21, 37, and 67 on 24, 25, and 27 November. ‘These dita are normally unelassificd,
but specinl circumstances required the ELST daw of 24 and 25 November 1o be classificd,  The
urckusificd data of 27 November, in video format, were handearried to Geophysics Laborstory (GL) at
the beginning of December 198%; the classified dat, in digital formar, were sent to GL from AMOS
some time in February 1990,

Since the Spaceeraflt Interactions Branch (PHK) does not have fucilitics for provessing chussitiod
data, the production of images from the digital tpes was undertaken by the Daa Systems Braneh
{LCY). PHK provided a written deseription of the tape format, bused on information provided by
AMOS, and LCY developed the routines needed to read the tapes, but when the data filed to yicld
recognizable images, the effort was at an impasse.  To permit PHK 1o look into the problem, it was
decided 10 work on the unclassified data of orbit 67, which earries the test number ATN 47434, We
requested and received (on 23 March 1990) a one-minute sample of digital data, corresponding to the
interval during which the best images were seen oa the videotspe.

Examination of these data showed thar the instrument was sulfering from several malfunctions,
one of them serious enough 10 make the data unusable when processed in the usual manner, This
report deseribes the problem and the development of & -method (o deal with it, specifically, the
construction of an algorithm capable of effecting a complete recovery of the images.

(Received for publication 19 April 1990)




2.  DESCRIPTION OF THE INSTRUMENT

The ELSI instrument employs two array detectors: a midwave (MWIR) detector, which & a
gallium-doped silicon array of 45 by 90 pixcls, and a Jong-wave (LWIR) detector, which 8 a HgCdTe
areey of 64 by 64 pisck. Tl image can de moved, by a switch in the control room, fram one detestor o
the ather, ‘The spectral range and larger fickd of view of the LWIR detector make it more useful for
acquiring & targer; alicr acquizition the image can be switched to the MWIR detcetor. The recording for
orhit 67 includes data from both detectors, as noted below, but only the MWIR data are of interest here.

The ELSI uses 4 rapid-chopping scheme 10 remove the instrument and sky background against
which the tracked ebject & scen. The image is reeorded fiest with the object in the chosen location on

W e - W

' the array detector and then again after e object has been deflected siightly by moving onc of the flat
. mirrors in the optical path,  Subiraci. ~ the sceond image from the finst 8 extremely clfeetive in

producing a elear image of the tracked objeet against an almost black background. The object i not
deflected enough 10 move it completely off the detector, 30 the subtraction results in a positive image at
the chosen location and a negative image at the defiected position; the latier B removed by setting
negative pixel values 16 zero, keaving only & patch of completely black hackground. ‘The delection,
which is calied nodding, i done at a constant pominal rate of 40 eyckes per sceond, implying an image
re of 80 frer second.

\ Analog data from the detector are digitized by equipment mounted on the tekseope and then
iranimitied 10 the control room, where they are recorded on digital tpe. The recording process is
further deseribed in the discussion that follows. The digitized data are ako sampled and reconverted 10
anulog form, in astandard video format, for display on a video monitor and recording 6n videotape,

3 TAPE FORMAT AND CONTENT

ELSI digital data are on standard 9-track 6250-bpi 1apes. Details of the tape format are shown in
Figurc 1. Physical records are unformatted binary and contain 16 kilobytes (16,384 bytes), except for the
st record in a fike, which may be short. A tape may have one or more fikes, terminated by end-of-file
marks, representing different time intervabs, Each file beging with a file Jabel of 1024 bytes, followed by
un integral number of ELSI logical records of 185,344 bytes each. Therclore, there are more than 11
physical records for each logical record, and boundaries of physical and logical records are not simply
related.  Exch logical record contains, in this order, an 8-byte spacer, twenty images, and a 1016-byte
record label,

The present purpose requires no information from the file label or the 8-byte spacers. The only
} item needed from the s ord labels is the time, which is given in units of seconds and milliseconds after
; the reference time of 0000 GMT on 01 January 1970. ‘The seconds componcent is an unsigned four-byte
integer in bytes 21-24; the milliseconds component is an unsigned (wo-byte integer in bytes 25-26, Pixel
values in the image arrays are unsigned iwo-byte integers. Integers are writtein to tape starting with the
most significant byte,

Each ELSI image contains 9216 bytes or 4608 pixcl values in a 6x16x48 image array. These are
related to the 45x50 MWIR detector amay as illustrated in Figures 2 and 3. Figurc 2 shows how the
detector array is laid out in six sectior< that have scparate readouts. Data are recorded on tape in the
order in which they come off the detector. The readout takes a value from the same location on cach of

I
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Figure 1. Tape format used for the recording of ELSI data

the six sections before it proceeds o the next location in the next row. It progresses through all row
locations in  column before moving (o the next column. Thus, the resulting image array has dimensions
of section, row, and column (s,r,c), where the s index cycles most rapidly and the ¢ index most slowly.
There is a funiher complication in that the readout progresses through 16 (not 15) rows in cach section
and 48 (not 45) columns. The resulting spurious values are referred to as overclocked pixels and must be
discarded in processing the data. These are apparent in Figure 3, which illustrates the structure of the
image array; the overclocked pixcls aszc represcnted by open squares, while real pixels arc shown as solid
squares.
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4. EQUIPMENT AND PROCEDURE

Figure 4 shows, as a function of time, the data recorded for obit 67. Culmination, the time of
closest approach of the shuttle 1o AMOS, & indicated by an arrow at the top. Two tracks of solil bark at
the bottom show which detector was In use st a pacticular time. Above that i shown the onc-minute
period, just aftcr culmination, for which digital data were requested; it ncludes a smalt amount of LWIR
dara. The data actually reccived arc indicatcd at the top; they cover the requesied period amd continue
until the 1ape recl is filked, The division inte two fils probably reflcets a switchover 10 & new tape unit
during the original recording. It provided a convenicent starting point for our examination; all of the data
diseussed below come from file 2.
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Figure 4. Summary log of the orbit-67 ELSI data used in this work

The equipment used was & Zenith Z-248 desktop system, a PC-AT clone, equipped with dual 22-
megabyte Bernoulii drives in addition to 20- and 40-megabyte internal disks. Alo included was 2t
Cordata LP300N laser printer equipped with  custom font of 128 grey-scale characters. Except lor facl:
of a e drive, this system proved nearly ideal for examining these data. Data were transported (o this
system on a Bernoulli disk. ‘The first six megabytes of tape file 2 were copied from tape o a Microvax
user directory on disk and then, via local network, to the Bernoulli cartridge.  ‘This -data extract
comprises a littke more than 32 ELSI records. Figure S indicates schematically how the data {reatment
progressed from this point through subscquent steps described below.




~
_KENNEDY
TAPE UNIT
MICROVAX. | COPY
DISK UNI ~———[NETWORK
BERNOULLI a|— copy
DISK FILE AP e RR
DISK FILE DAY o T
1\'1 Al
DI=K FILE MG — GG
DISK FILE MU ~—— T PLOT
CORDATA a—(OUTPUT)
LASER
PRINTER
DISK  {_kisizap |
FILES ESLAT T DD
(DUMP
FRINTER / —— | (DUNP)
MONITOR
DISK .
FILES | Bstoar | =
(DISPLAY)
PRINTER/ -_—
MONITOR
)
Figure §. Schematic diagram of the processing procedure
The approach 0 the problem sct four sequential objectives: (1) to discover what was wrong with
the ELS! data or the previous cfforts to use it; (2) to see whether the data of orbit 67 could be processed
10 produce images that matched the video data; (3) to transfer whatever method was develojed to the
LCY facility, applying it first 10 the orbit-67 dawa for confirmation; and (4) to use the cstablished

technique (o process the classified data.
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5. EXAMINING THEDA'TA

Pixel valoes in the ELS] dats originate in a 12-bit AJD converter and are: positive integers ranging
from scro through 4095; ths B truc for all twenty of the raw images of an ELSI record.  Values arc
staced &t two-dyte integers with the four most significant bits sct to xer0. In praciice, the values may be
¢conlincd mainly 16 4 much parrower range than the full 4096 values allowed, The principal problkem
with the data wad revesled immediatcly when he distribution of vialucs in a xmall sample was examined.
All valucs kay between 3456 and I583 or botween 3968 and 4095, What these sanges have in commen 8
that bits 11, 10, 8, and 7 of the 16-bit integer abways have the value onc; L.e. these bits are “stuek™ in the
on $tatc, Bits arc numbered from LSB =0 through MSB= 18, A closcr Jook alo showed that bit | was
also stugk I the om state, With five of twelve bits inoperable, the data are €normously ambiguous. The
resuliing responsc cunve, plotted in Figure 6, shows that each reeorded number represents nat the one
true value bug any one of sixteen posibilitics, Thi scale of this cunve dJocs not show the effect of stuck
bit #1, which hag 2 data value of only 2. As will be seen later, its effeet on an image will be negligibly
small, 20 it B igoorcd in all of the following diseussion.
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This discovery was reporied i0 AMOS with a request 10 check the current status of the
instrument. We were subscquently informed ihat the bits were found 10 be stuck cxxctly i reported,
We were not tokd the location and cause of the malfunction, but beciuwse the video data, which aire stated
10 be derived by reconversion from the digital, seem 10 be uralfecied hy the stuck bits, we suspeet te
bits are stuck in the tecording cquipment, not in the data from the tekeseope.

The next step wis 10 write routines to recognize, read, and manipukite ELST reeords, s ditated
by the formut of Figure 1. Onc routine was required 19 eleun out extramncous neterial, because in
reading the tape the Microvex copy utility bt inserted an end-of-record nunk, DDUA, after the dur
from exch tape record, The next routine operates on cach ELSE recond o decnde time, disard
overclocked pixels, reorder real pixels, and write a new data ik

Examining the data with these 100k disclosed two more apparent faults, First, one scetion o the
detector, fifth (rom the top, was completely dead, with all pixels remding the saturation villue 3095, “This
is a relatively minor problem in this ease, since the tracked object was kept well within the upper lour
sections of the detector,  Second, time values recorded in successive framed do not advance by the
nominal amount of 250 ms (20 frames at a rate of 80 per seeond).  Figure 7 shows the idvanke of
recorded time over a series of 32 frumes, revealing that the time intenval per Trome oscilkates irregulirly
between about 30 and 700 ms, with the werage being about 410 ms. 1t is not known whether this
varition is real or the result of inaceurate reding of the clock. Tt ww is st minar problem here, sinee
accuriie Hming is not required, These finlis have not yet been reporied o or confiemed by ANOS
personncl,
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A gencral-purposc image-processing routine was written 1o permit the production of hardeopy
grey-scake prints from the data; this was necded if any method of salvaging the data were 10 be found, In
its latest form, the routine incorpomtcs a number of sequential but repeatable steps, as follows:

a, Read the next record, interchange bytes, and convert to integers.

b. Subiract cach 0dd background image from the following even image,
¢. Comreet the data using an incorporated algorithm,

d. Avernge over a specificd number of succeisive image pairs,

¢, Process the composite image, even-minus-0dd or odd-minus-cven, by finding maximum
and minimum data values, sciting and adjusting threshold and saturation levels for the
grey-scale, and converting pixel valucs (0 grey-scale values,

(. Output the resulting image 1o a print file for transfer (o the laser printer,

A baich file was used to copy the print file to the laser printer along with the required grey-seale
setup and reset commands,  With defeet-free data, these procedures will produce a good image. The
custom GREY3 font relates coverage, or density, of a square pixel to an ASCII character number by a
conversion curve that consists of three connecting lincar segments that lic about midway between a pure
linear and a pure logarithmic seale,

6. CHOOSING A CORRECTION METHOD

A first version of the image processor, with no correction algorithm, was applied 1o the unaliered
dita 1o see how much, if any, of the true image coukd be seen despite the stuck-bit malfunetion. Figure §
shows the result of applying this normal processing to the first image pair of the first record. The data
printed represent image 2 minus image 1, with negative pixel values set o zero.  The grey-seale
threshold (black) was set at zero, and the saturation (white) was set 10 the maximum value found in the
data.

This image reveals several interesting features.  Finst, the fact that detector section 5 is not
operating is evidenced by the black band across the Jower half of the image. Second, the location of the
true image of the space shuttle is casily discernible as the light arca centered near the left edge of section
2, roughly at column 10, row 27. ‘The light-to-medium grey pixels clearly show the shuttle outline as it
appears in the videotape. The video image of the shuttle is a vaguely triangular blurry white silhouctie
agninst an almost-black background; there is some, but not much, variation within the sithouette. In the
digitnl image roughly half of the pixels within the silhouctte have dropped out and appear black. At the
location to which the image is deflected, centered roughly at column 10, row 43, there is a collection of
bright pixcls forming a sort of ghost image where there should be only a completely black area or *hole™.
A number of other false bright pixcls are scattered about the rest of the background.

(o facing page)

Figure 8. A background-subtracted image produced by normal processing
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Figure 2 shows image 2 alone, without subtraction of the background image. There is no
recognizable strocture in the region of the shuttle silhouettc, The pixel values show some ¢cohesive
appearanes; from upper left 10 lower sight the pixels suecessively assume tones of dark, light, and
medivm grey in three rather distinet sreas, The presence of only two boundaries suggests that no more
than o of the larger jumps in the response curve, 384 or 640, are encountered, and only one if the
seeond boundary is o retracing of the first. We therefore expect the distribution of true data vatues 1o be
confined to a very narrow part of the zcro-10-4095 range.

In the background-subtrcted image of Figuee §, the abrupt disuppearance of grey tones or the
appearanee of bright spots, as one moves spatially ncrozs the image along some line, i3 easily understood
on the bazis of the resronse eurve of Figure 6, It aecurs when the true valoe of the even (oxdd) image
erasses one of the discontinuities in the response curve while the odd (even) does not. The dark pixels
within the shuttle outline are caused by a negative jump in the even image or a positive jump in the odd
image. The bright pixels within the black hole are caused by the reverse condition. There are relatively
fow fulke bright pixels, and presumably a similar number of falkke black pixels, throughout the
background beeause it is rather unlikely that the llumination on such pixcls will be muei different in the
even and odd images and therelore unlikely to straddle a jurp in the response eurve,

The faet that many of the fake pixel values can be recognized by visual examination suggests tha
an algorithm might be devised 10 correct the data despite the ugly nature of the response eurve. The eye
disecens bud pixels beeause of their sharp jumps from the values of neighboring pixels. "The jumps tre
noticeable beeause of the relatively low spatial gradient of intensity within the true image, In
approaching the shuttle sithoveute from any side, we notiee that the intensity inereases smoothly over
several pixels before hitting a jump that makes it false. This suggests that the average spatial gradient
may be much less than 128 units per pixelspacing distance. Sinee the smallest jump in the response
curve 18 125 units, these jumps may well be recognizable in going from pixel to pixel in the image, A3
noted above, the true pixel values seem to be confined to a narrow portion of the full 12-bit range.

‘The foregoirg observations suppest using a very simple and straightforward algorithm for
carrecting the data. This method takes one starting pixel &g a reference point and then moves along
muluple tracks across the detector, adjusting the value of each pixel according to whether and how much
1t has jumped relative to the preceding pixel on the track. The nattern of tracks is a tree with enough
branches to cover every pixel. Since any error in identifying n jump will affect every subsequent pixel on
abranch, it is well to make the branches as short as possible. 1t is not really necessary for the starting
paxel 10 have a true value, since the absolute level of the result is not important unless successive images
are to be averaged, But in any case, the amount of its error will be apparent from the difference in the
resulting distributions of positive and negative values; the black background will not be roughly zero but
some value that npproximates the size of jump by which the starting pixel was in error, and the
magnitudes of the most positive and most negative pixels will differ by twice the size of that jump.

{on facing page)

Figure 9. A single even-numbered image produced by normal processing
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7. CONSTRUCTING THE ALGORITIIM

For elarity In the following diseussion, all results presented will be for the image pair already
shown (file 2, record 1, fmage pale 1), and references (o the sample image will mean the background.
sublracied image unless stated othenvise, Alo, in mueh of the work 1o follow, only the upper two.
thirds, rows 1 through 60, of the detector will be used. The fifth seetion is dead, and since the detached
sixth section is of little uge by fiself, it was usually set to zero.

We knaw that the distribution of «alues in a single image s confined 10 the WO ranges nated
carlier 3456-3583 and 3968-4095, but this will be different in a background-subtracted fmage. Figuwe 10
shaws the distribution for the sample case. This and the following figure use logarithmic seales exeupt
that zero has been placed at the 0.1 level, Vialues are less eonfined because two quantities are involved
in the subtraction. We may reasonably guess that many of the values below 128 are true, while mast of
the two higher groups are false, We alo nate that aver most of the image, where there is no tracked
object, buth the even. and odd-jmage values of a pixel may be grossly affected by the stuck-bit
walfunction while their difference remaing correet.)
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& 1ooo et e
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- «Q ® 0 -3 R 3

MAGNITUDE OF VALUE

Figure 10. Distribution of pixel values in an uncorrected image
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The distribution of the actual pixel-to-pixel jumps in an image is most important to know. Figure
11 shaws the distribution of jump sizes encountered in seanning left o right along all of the first 60 1ivs
of an image. Jumps having magnitudes of 1, 3, and 5, in units of 128, are expected, since they oceur
dircatly in the responsc curve; the pixel needs to jump in only one image of the subtracted pair. Wealo
sec many jumps of magnitude 4. In this ease the pixel must jump in both images, for example (+3)-(-1)
or (+3)-( + 1). Both of these combinations arc likely, as can be 3een by justapesing the curve af Figure
6 and its inversc, adiffercnce of only 128 in the true valucs of even and edd images can eause these jump
combinations to occur if the spatial gradient has the same dircetion fn both images, as is usually the Gasc.
Conversely, jumps of magaltude 2 and 6 are almost never seen. These also require jumps in both
{mages; for example (+3)-(+1) or (+5)-(-1). Such jumps are also possible with the same cven-add
difference of 12§, but the spatial gradients in the even and odd images must be in opposite directions.
Since this i3 very unlikely, these jumps are very rire.

& =] e o o Q
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23 10 —s 1
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% 1.000
=
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o
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=
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SIZE OF JUMP

Figure 11. Distribution of pixel-to-pixel jumps in an uncorrected image
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Clearly, the important feature of this distribution that makes correetion possible is the elear
separation of the magnitnde-0 and magaitude-1 groups, This reveals that the pixcl-ta-pixel vardation in
the truc image does not exeecd about 4§, while a siuck-bit jump ever a discontiauity of 128 never resuliz
ina jump of less than 64, Similarly, jumps of magnitude 3,4, or 3 are equally unambiguous, ‘This implics
that an algorithim baged on jump size alone will suffice, and there will be no need w inveke sueh
additional eriteria a3 the loeal trend of the spatial gradicnt, cte.

The carrection algacithm, therefore, was congtructed 10 work as follows, The stacting loeation i3
taken 1o be the top of the middlc colunin (eolunmn 23, row 1) and the first track runs down column 23 (o
row 60, Frem the central column of eorreeted pixels, each subzesquent track runs along a row from the
central eolumn 1o the right or left edge, 0 the complete pattern comprises 121 tracks, with only the
initial track eovering mare than 23 Joeations, At each step olong the track the observed jump 10 the
cureent pixel is clagsified as 1o the diseantinuity included, an integral number bewween -6 and 6. This
number is added 1o the cumulative tatal from the beglaning of the track to find the amount by which the
current pixel should be adjusted, The cxmulative adjustment for each pixel §s stored in a separate army,
and the pixels are adjusied after completng all tracks,

The theeshald levels used (o determine jump size, thatis, the location of boundarics between the
groups in Figure 11, were allowed o be individually adjusted, but jn practice getting them all o the
appropriate multiple of 64 was found 10 be adequate,

It may be useful 10 note that we first tried 10 wse a similar algorithm applied separately to the odd
and even images of a pair. 1twas thought that this might prove best, s thatlegitimate variations in both
images would not be added, possibly raaking their sum Jarge enough o be confused with a miagnitude.
Jump. This was a mistake, That effect was putweighed by effeet of inherent pixel-to-pixef variations in
response. The Jatter, which ereanes the need for Nat-fielding teehniques in the first plaee, proved (o be
Jarger than pisel-to-pixel variations in the image. They were, in fact, s0 large that they eould not be
distinguished from magnitude-1 jumps, and the algorithm failed,

8. DESCRIPTION OF RESULTS

The algarithm proved completely successful in correcting the orbit-67 dma used in its
development.  Figure 12 shows the fully correeted sample image. In this ease, grey-scale saturation
(white) was set to correspond with the brightest pixef, nnd grey-seale threshold (blaek) was set somewhat
above zera. 65 is usually done, 10 suppress the empiy-sky background in addition 10 eliminating the
deflected image due to nodding. Figure 13 sho e same image without the sky background
suppressed (grey-seale ihreshold at zero)  ~ hackground has a [airly uniform mottled
appearance, and the black hole of thie defleay ‘ble,

(on facing page)

Figure 12. The fully corrected image with sky background suppressed
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Some testing of the results was dane, but no significantly different data were avallable for a
ngarous evatuation, As long as the jump distribution shows ecomplete separation between groups, the
wirrection should be perfect. 1t s not an approximation, so even the most subtle features in the true
image will be preserved. Moreor2r, ifan error in detecting and elassifying a jump were to oceur, itwould
expose ftsell by producing a very noticeable defee: xibe resulting image, a defect propagating along the
remainder of the carrection teack. This was deienstrated in testing by deliberately forcing un errar.
We expect that such a defect would still be apparent even if the jmage were too active for the corrcetion
1o suceeeil,

The successful eorrestion of these data reveals one more condition that may be another
significant fault in the instrument. The thicked object scen in Figures 12 and 13 i3 ihe space shutle,
which is any 40 meters in length, at a distance frorit the welecope ol more than 200 miles. Still, in Figure
13 we van clearly see that the black hole of the deflected image has obseured o small part of the desired
image. 10 the objeet were either larger or <loser, more of the image would be obseured.  Since the
background subtraction works very well with the eurrent amount of image deflection, it should be
peestble and useful t inerease the deflection, moving the black hole further out of the way, We have
tot et enyuired about the practicatity of doing so.

AU the time of this writing, the algorithm has been transferred o LCY for provessing uof the
eaticd datae A preliminary test on their syrtem, vsing the same unclissiticd dati, uppears to have
preduced the same result, but because of seeurfy-classification dilficultics that system currently Licks o
prev-seale vutput, a problem that is corrently being addressed.

FORTRAN source listings for most of the sofiware written for this work are reproduced in the
Appendiv. Only the most recent versions are included.  Some of the results presented abuse were
preduced with earlier versions,

(v fucing page)

Tigure 13. The fully corrected image with grey-scale threshold at zero
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Appendix

SOFTWARE SOURCE LISTINGS

FORTRAN source eogde for the following routines are listed below, in the acder shawn here,
‘The eade is written far un IBM PC-compatible computér runaing under DOS.

oD A simple dump of the data file, in 512-byte bloeks, (o the monitor or a disk file,

RR A routine 1o femove spurious end-al-record marks inserted after each ke
record by the tape-copy utility,

EE An ELSLrecord reader to extract and examine one record (spacer, images, and
label) ata time.

T A~ jmage translator to read the rw-data file, extraet and decode time, diseard
overelocked pixels, reorder the arnry, and write a new data file,

D§ A routing 10 compuie distributions of pixel vialues and pixel-to-pixel jumps,

GG Animage processor to read, subtract, corseet, average, provess, and output the
results from one ELS! record,

DD ROUTINE (DATA DUMP):

PROGRAM 0O
s 187 z}g 3 ewsp 1o taamlne unprogessed eala,

' Ceannuuney éﬁisf'A(S‘z,
e ogram Ldentifler
) rmrc)///}m. .,
; %lsg.. ELSt m::;:uztm {05) ::2:
‘2. prlﬂ dats file | Y
+ 28X,* 512-byte blocks, Outpu ? e
. 28X, to the s¢reen and uso to a Y8
+ 28x,° {1le oc a peinter o doth A
+ 28X,* Reads the n?ut. f!le usx JBAT YA
-, Hrites to & file FRINICUT, OOC. .I.
. 28X,° both of which sust exist A
+ 20%," the current default dlrcctory. A
: g§.: Writes to the PRN peiniis. :.;.
26%,'1  Press return to b a1 i
: qu . ress return to beyln reading j.
+4(/h
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RR ROUTINE (EOR REMOVERY):

Rpunasunn

o (5] gata file, The
g«mlh'%h mu of krétk?atmf ceﬂea

o (he A
process inderic
eRh 12 m« i .H m. im«e afe

ARyt 3
§324 (LS! 4 md i
103 no file, d.tafum; m-o!—eew-: #a0kS,

eaanensy
mé{;ﬁ‘E 1t A1), 806320)

Jm{& o oo
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‘--3-:.11*?!! -3 fo?éﬂ lﬁgﬂ* iﬂﬂ'
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EE ROUTINE (ELSI-RECORD READER):

MMM L
'-------'ré';faa Lo read 3 flle ILSI AT thay mz v in
eef.v :ie «:mam. {tw w 5.3 €35y
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: g‘u :%:i-fl gr‘&g%%ﬂeiee i Hil 5%255:%5

%
*
*
®
L]
x
*
L d

'g‘ﬁ !tl RLIEIN M(!l
P«‘?

"""'ggm P < aéi {%””‘{ ct a6,

11 T4
| is 25 e

§n lé i?f ‘L%*f *znmz;mv

.-u-a-cnugg

* L8 063 23 Fow 155 628,128,088)
e L Eeggs, oY 8 * 20128,
*amsauneagits 3 fesr;'a fuensifier

ss;% ;
t Lo (7///1///. .y
w4 K, »
s o ELS1 CATA-TAPE REIACER (L€) A
. §3.x: N nis rm ne reads fremthe flle |17,
. :‘:&,: ( §.0A n the Sefavlt érive, :.;.
* abh, LIA
: ‘:ggi.; Fress retuen Ato tegln reading ., ::5:

. ug )
) fw x(m

Sreawnnnwfosn é

?ctc‘éﬁ" me-

%5! O&T"F?&"‘NWY'
teameanostedd w dlsp ay 3 Hie

k!ll?l +STATUG=0LDY)

FllC L&.ﬂn! ./.79(“{')./.

H
}rgis murn Lo centinue ... ')
LO 2

'------" 2 ELSI records (nimher in f
0o Lc jg‘: b’au-lw bmg)/lhblﬂ » 32, ;£

'-.--.t-.r

KR11Eq* 609 IRLC
R (f i
X 'aegaéng In receed' 13,0 L0 )
és 151, ?k.ﬂ)mw 45
15¢151 hE £)6210 45
iE é
1F(1 .hE D)GO!O \H]

}.LE ér"i”'m“’ 1

-
—4--
M

17s¥ ;?Sbtﬂ)
! 68)

N

3
-..-...-.g;gp“ -hyle spacer and time
gl! m

. B.XT
818 FGR:‘A{ !
+ X, -BYVE SPACER: °,

x
+ 1x.°b.s . écoa DUE:
+ 12,0012, 13, urt./}
| R dlsp!ag‘g Ieages {n fex

lX.'Olsglu}/ hex durp of irages (Y/N)2 (8] *,\)
IF(Z. e M 00,20, y*)GOTO 22

24




0Q 28 1paSat 2,
it
N,?g'v:*“ w6 s
¢ }i‘.’;l ur...g. %i‘:a;ay nts taage’,/,
1N immmtz\.’« (
sn :;}5"' € [s12 L pOSYraM sosnvane 6) A\
Hi:gg:'s hoxg fme
F(2.00. .cn z
] 9 }l
wiite. ; h}c?c.tm.wc
0 e &
¢ Ixoaecolo 13,
. §1‘" e L1
X .‘cmm:ﬁmv)
x é A
t y, 25 1,12
vz i x,mx'ca. ;.um f‘zé' ;!
o ‘;ﬂgjﬁ:sz'{m
. nc.': ‘is Cﬁlgiﬂ{hs\v’tt ImagefRead recerd/Enit’,
2 a?“ et
o.'s'.m. . O.'s‘ sxm
u.‘k‘.ca. . ' mow
F £.0R.2, *)6a10 93

....---- golm

!J ro&w.s éeg!n ueat fease o,
W xrin‘if iaagclceeﬂtlmclultz (C) AY]

?zto. JR1.00. 050 1 Ipad
, e

1 :o. 612,00, %0 5510 99
= --n-----m !g,, 2
22 CONTIME M

teemzemseoulput 3 mx{iea tLS! recerd
.--...---rn*!erdl €x l

g5 b 5.5)
. “iuh“ a."mhcr £LS! record (Y/N)? (¥)

1F(2,20; 'R° 0R,2.£0, *n*)6010 42
* wclys'.'esrt:ks ! ‘
2 %?!"wue tode nol present
€
6010 9 o

teamvenesgng of file or read error
45 IF IST GT c GOI0 47

R ‘Gg
838 agﬁrm XiT: End-of-file encouniered')
47 mnez-,as
832 F (l T: Read error in ELSI.O0AT')

mnsi”@m
839, EORMA .,

‘ zex. L END OF ELSI DATA READER (EE) ];Zg;

- .




PROGAAM 1T
*-------§!hxs mu ?as.s xn wml reeseds frm
and w2 ites Out Atw

B recorss that cw.aln caly the tise, a
recded fdentifier, and the twrl ¢35, The
ael \a ucs are rw'eér to a twortincazionsl

x

x

. mag a] nsfe 1 aeray ! i1 cgi% by
P Eﬁ%&mw%&.
.

.

TT ROUTINE (IMAGE TRANSLATOR):
\
|
\
\
\
\
|

dizeardcd ¢ueipy rearder]
me !w. record sn? l!é?i ba.is 0y,
S LI B S
1 % =
z33e3 (8 6 . lé**'s 163816 byaes = 157
nammnnwE 5: 5'9 ¢
ST Shen Lam.caee 2
wuc tsm § 1, B4 mm
GUEACTIRSY O 2 ia,‘a Iy 19}
CHASLETL Re L g{t cod én i,
wsmm SN RIRION &';
GUEAHR  Bysd hE=2 Ris0IREs
< léw )R A
; é b,12,20) M0145,53,28), 112
1w, i t:*(&*
ool b ishna oy
HURSANN b
vt i& i) 017,80
ai1), 1), 16013,82), (603 ).8
HUKING .ns.cai.ﬂ
G{1),R¥) LGY),RE}, (612}, 7)
Hh ﬂxg h lz“, } W)
wi};. SO iR
. (6013 27 fav 1569 » 628,128,000
gﬁ‘i‘&a‘»h ﬁs .553 » £o8,108,888)
....-----?%sﬂa greym fecarifiee
69 e,
hd :»‘;:n. :.5.
Tl DUSHCATAFIE TRRSLATGR () 7]
¥ K, [0
| * 2:'.1.' Resorders wata Into an aerdy © ',
= 200, 45 columas by 90 rows, discaraiey 102,
= S0 overelecked phe\s inrows 16 5 '/,
LI 350 sectizn and colusns dL-4R, A
o0, Reads frea smz me tLSi.(m “,
+ oy, mnes 10 eutfat file ELSl,ivs ‘o
=00 Both files eest already exist ‘W
| + ggg.: in the cefault airectory. :.;.
* &t A
| o 2000k Press return to begin readiey o |
| * :l’t.’ ’0,0
* ﬂ*‘x ¢ .nlo
‘ -

EAds
?5...

nwNn
Y] rw.,\ri.u !

CrER (D, EIL
o BOCESSe
COENCED FILE= ELSi inasy
+ ACCESSePSEGUENTIAL uJAr-!st smus-'ew')

| n-v--—----read and display hle latel

l&ﬂl ‘ E02)A
| :hd FC&FA(
'!aﬁe l‘}le label reads .../,

+ 20X

+ a x

+ 16

+ BX 2 h He

+ 20X 'Press rewrn to contima ...')
Rub( J1E0)

ﬁg 2 ELSI records {nusber {n me;
. te: (59;65“-!02«! bytes)/185344 = 32

LRHE#
B4 FORN
+ %gxb'Pausc before each record (Y/N)? IN) ’,

B35 FWA#(I

IF(Z EQ 'Y .OR.2.EQ. "y" }IPAUSE=




e S
il

6 2&: u& to process record ' 12,414,
Jt pe s rmfn Lo contime ,,,%)

t :.xc MRee
- m ’se»alng in record® 13, .02
? H .n;%.nmw 24
8)6010 57

&! ?‘Kg emw 9

Suupver pu

3 g .L% ‘miﬂﬂ)ﬂ("”
4

‘t».n.-c‘ p

mm; Kll}NREC 144

..
s
532
add
M 2
e
~
P>
ccecmaoa

e T e ] LT ALY S A 13

5!‘—::‘.“:22:3
m

R4,309)1
o8 $m’

g=hs
u: Z

4> (13
-~

RITIAL 0
-'lw\:é"is'

NPSER
‘(!REC-!) 103831

0
Rﬁ) M

AP e S TSNS
g“—d
-
-

53%
—rry
-q-

318

iz

7?::2:"‘
[ [yl
A\
~w

5

34

5—‘7’
»
:23

~N>

*

X

it

b
i\

"

=

AT(3X,13,1H:
lglﬁo )
15 100}
a-ﬁ T

1

17)=* PLUS °*
L

1

|

ZBOKTL4 &
IE RE 18

05

553

5

16

o X X XY
——

ne ‘IX. TMSEC')

8
'DAV!D J.'

' 3/26/90'
{' 812)H

NN record header reads ...',/,
8(1H-), /.

648,/

1H

ey

XX
§—NNN-‘$

et NG =t O L) OO

812

>y
-t -y
3‘«:5."6’
Py
Q0 >
oyt 1o

-....

27



'":}u'ﬁ' b Tt
'llw:g recoed' 1),* 0

f! 5]
gr % Ja10(15CT, ILIN, 10K, [G)

»

Sammunenaril d 10 file
" é-h""”ﬁ“

ot rececd' 13,0 oY)

i B

t-----m.} f“ﬂ'“ pféttﬂﬁ
ot raéu‘ m records processed’)
Punuunaanprd c"i“ o rend erree

9 "i {

" rm  EXITe Ebd of file')

Og sm i’x.‘zxm Disktile read/mrite erroct)

‘D.;;.-?(

£ Ném
ATt

59 FoRu (7

38
Dl po o asi o Tee |1/
i)

.l.

DS ROUTINE (DISTRIBUTIONS):

PROGRAN 05
Find disteibution of plxel values acd
{n the ten combined {even-ainus-
of an ELS] cecotd, 1he size of the dl
bution dins {3 8,
Version 0000 = D, J. Knecht 89 April |m

sevenswenyprinbles

cmactta-l mszus) D(162004) ,05{16384)

CUACIER=] MG(2).2
AC IR‘ Sg)

m{zctunz (45 ?(J&) MOSH{4896)

ggﬁmtm A : IJ usmsm

toulvu.m:t om. h.. 6(1)

0PE: gc me-*:v.sx 16! wn- 8l m
+ ACCE QUENTIAL® , TostaT=10¢, STATUSS ' 0L0*)

i---..-.ocm tm‘s

Suannemes :nnr ize
Orerg
uéc-.
'---;----d% ogram jdentifier
Fm .

m: o il ”
: . DISTRIBUTION CORPUTER (0S) ;I;:
g e5 the distrd o
., lu nluu inh o ?AL A
. 28X, from {1 A
* Y (Mt .l t on defeult .|,|
’ g.: i“"’ ".oll file mcmod by :.;.
. m:' ' “/




S(LECY mwm:d

g"

Im dhtrlg:men
pg disteidbution
Mt Lo a file

MOl CIAXY
3

L I B A
G

223

HEERRNER

.. e

=y

z.#bOQOOCOO

SELECTION:==) *,\)
(153 ation

N Y s

. -

¢

I
=i
"~

.5 )e010 1)
. 'v IG0T0 2!
.’g' GO10
Golo ®
. )GOY0 99

Al
& ng.r GOTO’

g

2ot Pt ad wma e AP

TNV TN

.'J-.ut. g

2
S

»
]
]
[]
r

(2]

e
55

mg“:“r.umm s
itge, 44
c.% h’ L] d Y )

%‘n %grz current recocd (Y/N)? (N) *.\)

; z.rgsc z.‘m 1.8, 'y*)G0T0 1
CALL ROR ccu.o N0, IREC)

R

ml - a8} H(3)J1,18)
36¢ Hoces /
" 2 nim-i / :mx’.‘ﬂ’."x; A,
. iuﬂ ta.¢ 137, SN o
anemeany t withi {
T srf‘z’?au?‘ec“: Gofgeish frame potr
N2 Foe t3ex, ,Na data have beed read.' ./,
v 28X, ‘Press retucn far naln meny e
mb( . 706)7
12 CALL SUBTR(ND}
Stlm «i
WRITE(s,
le'ﬂ 1)

+ 28X, 'Subtraction s completed,’ Wy
» 28X ‘Press return to continue ...
Ab *,1M)2 &

READs]
&0
R dlatetbutivn of velues
n wﬁf’ﬁ i59;1icaro
u2

3 -~
n sy
READ(,700)2

60101’

2 unc;- o)

‘53?"-‘ 2 ing disiribution for sll pairs ')
misux-f.w?g ) P
i
ool4 zrm 18
00 46 J=1,0

AR

e

mmc)mmcm

8010 46

ms)-msr(wosm

«,050)

Value distribution 1 ted.
Prmﬁet\rn to “?}e' ’/

e

LB
5.%322?:

l.- »

_.
§2§_
owm
-.-..'

'"zr';;g?.?r é‘%&%‘i&“ of Jumps
R
862 FORMAT(

+ 20X, *Subtractions have not been done YA
+ 28X, 'Press return for mein mend ...')




glg(‘.'o'mz
.22 Wit ' “e)

g‘,cc-g«m dlstritation for all patrs’)
@ ﬁmn 3,08

(&J (LI
mmc)mmcm
é @iﬂg:mcmm

t C'g‘*' *.40)

. 'oi {1 fon {x cted,! /.
. ia ‘g ":,i‘g‘:m 1) m§m NN

5‘ a7

Snnevnunsily {le

n wpo?gr g0 w2

LY

2 ’D stribution has not been cuputed.
B 15 "Press return for main mend ..l /o

12 LIHE M L
84 F 4

: ax 'm ting distritution for
ATy .."3. irs o0 & file.' :4:
. ax.'rrov!

ile
" FlLE-' ' FM’FMY;E
o STATUSe 'NEW'  ACCESS = 'SE
) rE'Sn 178} (NGSP L), xs'f's‘m (NOSN(1), 1%1,512)

e f“%’s“u‘ MGES: BINS D06 - suz- % {
K- /7)

E I I 4
-

g

2{ g(}ﬁl 2. IX? (IK- ,/ l!
6(16!;,)) lX 79(1“‘) /) ng

ILE s
QLOSE (77)
63101
--.;;-n.% it
WRITE
859 ggm\%(}m)

v 20| END OF DISTRIBUTION COPUTATION 1 ./.

) %hwe

R R
m&'ﬁ‘ 2“ 5 eigz’oﬂsgaa).m.z

e

302 hx u« record' 13, ...
B e
% ix-n-zn

00+0(J
D{J)=0
gl

] 2 ----mfnt data sample {col 1-15, row 1-6Y)
IRITEC, 384) )
p1.1] Fm(
REAb'Prlnt dats sample to file (Y/N)7 [N) ',\)

128

E ' b -AND,Z.NE. "y* )OOTO 4!
{ F!LE-' ! FORM="F
SYAY

¢

4.

I]'

R =
% m’ﬁﬁ{“ ?u)(mu J.K),11,15)

nsm




it A TR

Ki= }‘AM-I)‘I-!
ull“‘.
gité.ﬁ; ot e LR
e

L

GG ROUTINE (IMAGE PROCESSORY):

.&uf&?{ (levi:im S) oy ‘“"“}"‘?,‘“

Cimes 128, W15 poonae s teeg o o s

1
these v MS(‘ ﬂi ir ons obiained wit
Frogem Yoo, (0, . Recht }&l"i!m iy it

L d

»

3

£ d

b d

*®

-

'--m---rnx-:cah plet routine, km in an ELS] T1)e
: oefd !
»

*

*

=

*

e +1} ce-b: by
M.rxum n? ms the oats Tor
SLuek am- :rocems he ruuu to g 6d and

mge g3t
'lw and'weitds't %wn wa 9rey-
m ] prm “2 !ar the isi¢r printer,

il‘ 0 ISJ@G) kd

Enenene;

mt lﬂ Al
J 4.%0)
MOL45, 58} NV AR
: g éﬂ‘lm&‘ ! 5!” 15,1 mor

E§ mr‘é M" ?‘3(1{3{: 29).00m)

By n-u---

,ms--:ksx 196" FORMS' BINARY?
wcés« ! 105tAT= 10, STATLS S 0LD*)
& -a--uo“"ne m

|
L

NREAREENENEERRRRUNRRASS 2

LAy a-ay i R e e S N e

identifier
i &8’ o
e rm (7///////.

-

ELS! 1MGE PROCESSOR (GG)
(Revision 5.8)

to produce -scn)c

Reads the

L

&

L]

]

L

1]
ites output files nued ln '
response to interactive query. |!
stu»:cr OPERATION: N

l ead an input record '
Subtr t beck grouods '
f1es
£opue wlectedomis |-
1]

L}

PN R

SELECTION:==> *,\) )




’...3.';;15} t !msl‘éim

£(2.0Q,°R°, .7.2 Lt )Rat0 ¢4
[{¢ 8 .‘S‘.g. AN an
ELAQ E o Legl e il 2)
IR R R an i
FEE.00,000,0r, 2,80, % JLal0 #)
“f » .l’amo * .t' 5@‘0 "

""I"?E‘ 3?.’ St ro. a0 5

'ofseard m; record 4YMN)? (N) W)

Z MLy )E0T0 Y
lﬁm tA.o N)1REC)

&gbi

ml:th !N}‘H(J).J!l A1)

4
- Q?“ Q;i’f{{t}a‘x. A’!ubek it;lu') ,q
kflﬁ{ ves .

‘-nn-t--- u\ n a {t“ o
n &s v{! p& ug pal
m f (Jx. NS d3ta have ben ee34.',/,
3&\’"“: eeturn foc 2aln seny ...t

tH gu.é ﬁmm)
WM IELs, 0
04 m&-ﬁ "

. m ibteaction 13 copleted.'/,
< &ﬁ("m murn to cansinve ,o.t,)

""T""?‘ g, i-‘é'f" el oo 3}

o2 ’ h“ ) \'e . -
=, m,:m kR S

= L]
'gz }mmz.tzmnzcmuz)
. *tx *Coe ;cung it of receed’ 13,/
. eage 13 poster Vb
85 38 Ttk
Kle m‘un- )-*-u

N

CALL RECON(ND, M0 X1

CALL RECON(NO,MD; X2
36 CONTIME

w&m«

1R

. gxns;- 194)

08 IR

» 22:3. sCorreciion 15 coepleted,* /o,

ﬂt ‘Prcu return Lo centinue ...Y,)
%%g{'.'( ')2

i over successive palrs

41 !F?Iwﬁ‘ £Q. 1.»0.:&5:.:0‘.’?)06!0 42

(s, 8
82 fcswhénx )No data have been prepsced.* /.
"Press rev.urn for =aln ey ...°)
nw’: ~(m

~ Gw--

42 mni* .HX)H(IZ)
FORg (
S are nuvbered l-l!.

: %ﬁ 'm etk
’sz "?59 1Pl pair:’ M

1:{ s(, :g.- KBEGe

L: ) ol KKG GT.18)60T0 42

w6

--"!

e Fo“’."} and ending with pm=: [18] *,\)

32




Obﬂb [] .o - 9. 2.9 .“0
T A ng’ﬁﬁ‘féﬁ& ) ! '
Ay
r.cm

o Comts irs 13 complated, /,
"‘é(rff i‘“i ng {: (gﬂv”meﬁ [T ,5

'"a"ﬁ’ ,Sé'” ?nxmrﬁd aage

h}\‘t i been ummvl. W
gex&'rrtsx re.u'n n ot ,,,
IM A}

2 I-ﬂ (s, 46
ei« ! 5‘. 1)
. w ’Sdm rasult (o peing: *,/,

ax! g 5!,
M x * Eﬁn A froses {:’t) EAV]
*3 Ab(t '~c

HB # C‘R u, ?'f‘.:!g‘iﬂﬂ 131

% 3 12,
. 5o 'hﬁggre??x}: A AL
Rads, (A

'"i?"iiz;fg?‘ac A e
832 Fem MX. Osta have m' bécn processed. '/,
* ;; mrres: Seutn for s3in =ity L, %)

£2 sam:; S
!l f !

()
20X Lacee o wmall drage size (UL/S)7 IL) *.\)
nz«géé YN
t:f}“. g.; 082 c%; pmq
. mi N mm-xsr.smw--mu )

sl
e
Qo {6 R
Gy

sasenensth Lyt baf

T xr?:.m tgﬁww"gg exdt

ialiEts,852)
892 Flen

X ;niswd current work (Y/N)? [N) ',\)
Lz, :6 ‘v' o& 2.£0."y*)60T0 59
tomame o 1 exit

»
859, FORANLY, '

: 26C| €N OF ELSI IMAGE FROCESSIR (cG) | 41
.4 ’
i

SUBROUTINE AVRAG(INO, NOUT KB {

INTEGER*2 NO(4 ] aRK 110, 180T
. el L

D04 M2 cilt

00 4 Ja1.58
00 4 [=1,45
4 NOUT(1.J,M)+B




N -:-'“5 o
u J,tl}

° "?%ﬂ haata)

W\' .J.gm(l JX)NNIR

B o
_l(-,'m) 14

wsz.cq.'c'.m.z.EQ.‘s')N"

r

UEQW

SUBROUTINE JTEST(IVY, 1v2,LOEL, 10EL)

-.'-II---S s

. 1,1V dats values (i

. {&r'._:m Ivze1vt, m(a"ﬁ“algrsremfs "
P T
remeeemeayarlable Lypes &

CHARACTER®1
J INTEGERS2 m wz lcet L, 108
INTEGERS2

Ju s

BATA /c 4,128,192,25

. 5|z:572.2 R
.....----nna s!-e of JWP

(-]
(-MMR
G

-

.
o

RRRARM

Sk 1

Egg I S ]
—
bt syl e

@
nn
.

Ty mcg
66 CONTINGE

OUT INE KSSG(N MSG)
CIER=]
NTEGERs2 ~ MSG(2)
SN.EO lgml E(*, SBI;HSG
£Q.2)WRi E.l 1302)M5G

+*

301
12,000 14, tered',
382 romk'x"(’zsx 5hu ‘ 4.") encountered,\)

7.4 12 \)
ng’ﬁ- (E 68 e EO. ;m?o $
B TN

+

9

34




At u-.'gf%‘ ;& xkamcm
§n~z % &‘ g -
°'n' m: “( h;

"”’ ! S R

sMIN
t.

rm
.?J" .a;\'-“‘ﬂl

31 f?x 12k,
* i -ﬂ

v.u&-e.n
[ g
HEEE
. .-
- .
WM?
o
:E%
L]
-
- -

'.Wﬂi’ !

g R,{‘l‘f ;g&?{&?n.im‘:.a!‘ JSAT IR
b1
L ]
nY s'?ue.heldi'
* e ;mz melers

N "Iﬁ' - X, ! ]
T .iu} At :g;’:}'
0‘ ninjmme’, -'.
og.
i
35
3 v’tﬁ&(&ix‘ ust paraseiers LYN)I7 (N) °.N)
REalifs 'gah }
4 qg& e L2 ' 15010 12
na cg.' (i&t ’m theestalds *,\)
READ(e, 7 w;m
) e e, 16)
M mnz 2 }hcw saturation: *,\)
¢ ngn(t wsh
r“w .61, ;mmm 1w

. agx 'trror: zaturation below theesheld')
18 15iPa su-nm
LI

IHM l. }Mﬁ 1R
NY Gf S&' Ve lSAT

V-WSU‘

{REG G\' me IREGsFICP
111 L‘I’ BOT IREG+ 180T

u g&% &-REG(\)

® =~==-pdd end-of-record packs

IREG|
P(46,J)*REG ;
47 ;-REGlZ

7 a(::e Mi:gggfz;

RE“RN

3




et "&Wbi.w.
e

¥ ]
N h‘ fng rececd® 13,% 1u*)
. o t'l o det
o1,
SRR

4,
.

---;rmt dta saple (ool 118, row 1-64)
}N‘ g-.a smple to Ti3e (Y02 (X) *\\)

mlz‘é‘mt ms,ig.

-Sl’!

gi_“ic *a‘inmu.,mc) 15)

S o
m i i é'{g«icmu

&IU
! L)

1IN M J0X
m‘ 2@‘(‘0 )

As}
tite} m&f ] K&US?‘!
1 2 t lten
i" §°‘“Z; w‘:,n %‘»lvf\‘un WONLED JTR
Enamanenndanit M

"?ﬁzii?zs

tm----ﬂ !? !ﬁ!“e oabir
2%, Y
*33!--59:':%:}\2 r.ﬁcxt gfnneg‘é;?wﬁ I-ru’lia!u
.l’
}6 Ja2,68

J X
vlws .JJ K)
c.v.L K] :Sri Jwz LDEL, 10EL)

......-Q?fm rxﬁ.:!‘e

0

L‘l
Led
l 192,45

[3
*
[ 3
[}
L]
13
:
-s

SoE8 1
RRe
-Pt‘.as

8
R

B85==T
sgg'— DKL ]
Gz

—sc*

<=
(1.
o,

-.
o o

J«S

l‘iVZ I.[IL 10€L)

o
ga2

3

=5




Swenmanuain mpz‘ln correct the data
1
ol é.:mdd J.n-mm
mit ; 1352}
oW
352 : ’nﬁ-. m-s Mt have been corretted,’)

tmmu

l

am

i
LR A

Kl
tnnu - ”‘%
5 S
= 'M l ‘h ¥
. i%*ofﬁ?”a”g ?&‘&:’3‘““ it (rﬁ‘s (S
MER IS 2.y 10010 €8

g mg;g *,356)
0 f 1Y t.
e ! *E,,l tfg:rf E fse to be added to data): '\\)
.dl £330, 1004.GT,1223)8010 55
ot .nm’i(f 1o

M('H"!!N
AR

358 lralltr.”l)mﬂ RILR I |
* 28X, 'V3lues have bein o({.et by ! lg
28X 'New saxites 5ad minie ace 1, 2]5)
t-------r 150¢ 01¢ €ata with fAtw

{ '\ 1]

54

3 1
N J.

& C.’t‘\é N.t’ e
[0.4] I 4
i o
I&Q’% J.K i

|
:..... Sy ,‘i

%"ﬁ

SUBR0LT ;
'I‘N!E(liil'z mus 0,408

00 9 IFAlRs1, 10
m-Zm‘ua-n'z-

888%

l‘.
3..::& -wux.-m X
mit J.m;'m(cé(l TR
9 onilne

mm

S

37



